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Abstract 
One of the most important technological properties in the technology of concrete and concrete products is the viability of the 
concrete mix. This property depends on the setting time of the cement used. Therefore, when you create a new binding, it's 
necessary, in addition to improving the physical and mechanical properties of the hardened concrete binder and on its basis, to 
optimize the timing of its setting and hardening. It was established that the composite binder consisting of portland cement and 
fly ash ground Krasnoyarsk CHP (fly ash content of 40-80%) needs a few minutes to grasp and thicken. The study revealed that 
the most effective retarder composite binder is gypsum. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Modern energetics, in addition to natural gas, widely practices using of fossil fuels. As a result, there is an urgent 
problem of disposing of the products of combustion. 
Throughout the world, the key consumers of such waste is the construction industry. The greatest interest for 
concrete technology presented by waste as fly ash (the ash). It has been widely used both in conventional concretes, 
and the High Perfomance Concrete (HPC). 
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2. Statement of the problem 
Currently, the most used coal for the TPP (thermal power plant) in Russia is coal from Kansk-Achinsk coal basin. 
Therefore, we used the ash obtained from coal burned in both CHP in Krasnoyarsk. 
Spent phase analysis showed that these ashes are basic, they contain silicates, aluminosilicates and aluminates of 
calcium, and the content of free lime is 2,8-3,0%. 
Dough obtained from gauging water with the crushed ash, which had high specific surface (Ssp = 250-400 
m2/kg), was rapidly heating to a high temperature in the process of hydration, thickening, and subsequently 
hardening to form solid rock [1, 2]. 
This is caused by the fact that the chemical and mineral composition of fly ash comparable to the composition of 
the cement clinker, i.e. ash, as cement, contains in it’s composition fast water-reactive calcium aluminates and free 
lime, which needs the part of the water on the hydration [3, 4, 7]. That gives prerequisites for its use in large 
quantities in the composite cement-ash binder (CAB) (Ashes from 60% to 250% by weight of cement). 
However, before using the binder in concrete it’s required testing of the operational (strength, soundness 
hardening, deformation properties and others.) and technological properties (rheology, setting time, etc.) of the 
dough made from such binder. 
High efficiency and quality of the modern HPCs is determined by using of superplasticizers. It is well known that 
the water requirement, durability, flowing ability and other properties of plasticized and unplasticized cement 
aqueous slurries essentially differ from each other [5]. Therefore, first of all, it is necessary to determine the 
suitability of the binders for such concrete under the influence of superplasticizers taken in a predetermined 
(optimum) amount. 
3. Results and discussion 
It was found that at the initial time (2-3 minutes after mixing with water), under the influence of superplasticizer 
based on polycarboxylate, manufactured from sol suspension ʋ1 and ʋ2, milled to a specific surface of 715 m2/kg 
and 550 m2/kg, respectively, have high rheological properties similar to those of a suspension of cement (CEM I 
42,5 brand of "Krasnoyarsk Cement") at the same dosage of water and superplasticizer. However, the ash showed 
high reaction activity, the dough based on them quickly thickened and hardened, the beginning of setting observed 
at 8-9,5 minutes after mixing the ash with water and superplasticizer, and finishing of setting - after 10-15 min 
(Table 1). 
Thus, to maintain the rheological properties required time limits using finely ashes it’s necessary to apply 
retarding additives of concrete mixes with ash cement binder. 
Today there is no consensus on the mechanism of action inhibitors. There are four main theories that reflect two 
fundamental factors - the chemical nature of the inhibitor and phase of the cement and hydration products, that are 
affected by the inhibitor [3]: 
x adsorption theory: deceleration occurs because of the adsorption of the reagent on the surface of the hydration 
product, and as a result - slowing of the reaction with water; 
x the theory of deposition of insoluble sediment: inhibitor reacts with Ca(OH)2 and forms insoluble and tight layer 
around the cement particles; 
x nucleation theory: inhibitor deposites on embryos hydration products, preventing their further growth; 
x theory of complex formation: the calcium ion is chelating against the inhibitor to prevent the formation of 
embryos. 
Because the ash is similar to cement clinker, as a curing inhibitor was selected gypsum, which is similar to the 
effect on the grain cement clinker should reduce the solubility of the anhydrous calcium aluminates in aqueous 
solution CaSO4 2H2O to form a film of calcium hydrosulfoaluminate on the surface ash grains. 
Research of influence of setting time inhibitors conducted on pure from fine ash ʋ 1 and ʋ2, and mixed with 
Portland cement on the standard Vicat apparatus. For this purpose the dough of normal density was manufactured of 
ash and cement-ash binders with the addition of superplasticizer (SP) on the basis of a carboxylate such as Hidetal 
9JG and Melflux 5581F (Table 1). 
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Table 1. Research action of hardening inhibitors 
Components of suspension Specific surface, (m2/kg) 
Water - 
aggregate ratio 
Initial setting 
time, (min.) 
Final set, 
(min.) 
Fly ash ʋ1 
Fly ash ʋ1 – 100% 
SP – 1,4% by weight of fly ash 
715 0,22 9,5 15 
Fly ash ʋ1 – 60% 
CEM I 42,5  – 40%  
SP – 1% by weight of fly ash cement binder 
610 0,21 8-9 11-12 
Fly ash ʋ2 
Fly ash ʋ2 – 100% 
SP – 1,4% by weight of fly ash 
550 0,21 8 10 
Fly ash ʋ2 – 60% 
CEM I 42,5  – 40%  
SP – 1% by weight of fly ash cement binder 
618 0,22 7 8 
Fly ash ʋ2 – 100% 
SP – 1% by weight of fly ash 
Saccharose – 0,2% by weight of fly ash 
550 0,22 22 50 
Fly ash ʋ2 – 60% 
CEM I 42,5  – 40%  
SP – 1% by weight of fly ash cement binder 
Ɉxyethylidenediphosphonic acid – 1% by weight 
of fly ash cement binder 
618 0,24 8 10 
 
Introduction to cement-ash binder sucrose in an amount of 0,2% by weight of the binder does not significantly 
delay the onset of initial setting. This can be explained by the peculiar nature of the action of sucrose in the ashes. 
Because the sucrose inhibitory effect depends on the sensitivity of the compounds to degradation alkali hydrolysis 
sugars are converted to sugar acid having alpha-hydroxycarbonyl group which is adsorbed on the surface of calcium 
silicate (C-S-H). In addition, researchers mechanism of effect of sucrose sucrose do not consider the fact that the 
solubility of Ca(OH)2 in the sugar solution is increased tenfold compared to the solubility in water. A high lime 
content in the solution inhibits the hydrolysis of the silicate minerals of clinker. 
At the beginning of the hydration of the clinker minerals in the cement paste there is practically no free calcium 
hydroxide, which is just beginning to form during the reaction of cement with water. Dissolved in water, sugar acid 
reacts with Ca(OH)2 to form a disaccharide calcium, which adsorbs on the surface of hydrosilicates and blocks 
further hydration. Whereas the cement-ash binder contains a large amount of free lime which reacts with the sugar 
acid, binds it and thereby eliminates it from the deceleration process of setting, this’s evidenced by a slight increase 
in time of initial setting from 8 to 22 minutes [4]. 
With injection in suspension cement ash binder composition "cement to ash" = 40: 60 
Oxyethylidenediphosphonic acid in an amount of from 0,2% to 1% by weight of the binder also observed early 
setting time comparable with the time of the initial setting from fine ash. Start setting was observed after 8 min., the 
end - 10 minutes after mixing with water and the SP. Thus, setting a mill ground cement-ash binder is not slowed 
down by the addition of Oxyethylidenediphosphonic acid. 
Determination of setting time of ash binder with different amounts of gypsum showed proportional dependence 
timing of the setting of the percentage of the inhibitor. Injection of 3% of gypsum by weight ash delays the setting of 
binding up to 45 min., and 7% calcium sulfate dihydrate - up to 1,5 hours. Because the quantity of gypsum already 
presented in portland cement, it is introduced in the step of grinding the cement clinker, is insufficient to slow the 
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hydration of tricalcium aluminate in the cement aggregate contained in ash, it is necessary to enter an additional 
amount of gypsum in proportion of ash in the ash-cement binder. 
Research of setting time of milled cement-ash binder with gypsum was performed at various proportions 
"cement: fly ash": 70:30; 60:40; 50:50; 40:60; 30:70. Binder was grinded up to the same specific surface area - 540-
608 m2/kg. Gypsum was added in an amount of 3-7% by weight of the ash according to the proportion of ash in the 
CAB (Table 2). 
Table 2. Effect of gypsum in the biotechnological properties of cement-ash suspensions and setting time 
Components of suspension Specific surface, (m2/kg) 
On the Hegermann cone with SP Melflux 5581 F 
Water - aggregate 
ratio Reology, (mm) 
Initial setting 
time, (min.) 
Final set, 
(min.) 
Fly Ash ʋ1 – 30% 
CEM I 42,5– 70%  
Gypsum – 3% by weight of fly ash 
600 0,2 360 85 126 
Fly Ash ʋ1 – 40% 
CEM I 42,5– 60%  
Gypsum – 5% by weight of fly ash 
540 0,214 380 103 133 
Fly Ash ʋ1 – 50% 
CEM I 42,5– 50%  
Gypsum – 5% by weight of fly ash 
608 0,209 350 116 138 
Fly Ash ʋ1 – 60% 
CEM I 42,5– 40%  
Gypsum – 6% by weight of fly ash 
580 0,215 410 165 223 
Fly Ash ʋ1 – 70% 
CEM I 42,5– 30%  
Gypsum – 7% by weight of fly ash 
606 0,211 370 More than  
180 
More than 
250 
4. Conclusion 
In the process of research was founded that fine ground fly ash has a high reaction activity, which determines 
very early timing of thickening of the ash and cement-ash binders. 
Also was defined that the most effective inhibitor is gypsum, which was taken in an amount of 3-7% by weight of 
ash. These tests have allowed completely exclude the early setting cement-ash binders and provide the required 
setting time (start setting from a few minutes to 3 hours). This gives grounds to assert that the viability of concrete 
mixtures, having in its composition a significant amount of ash over a wide time frame. 
To determine the efficiency of ash were manufactured standard samples of SCC (self compacting concrete) 
mixture at a rate of ash binder cement 550 kg /m3. Ash content was 60% and 80% by weight in the CAB. The 
compressive strength of the samples after 28 days of normal curing was 105 MPa and 70 MPa respectively. To 
evaluate the effectiveness CAB was applied summarizing criteria for the use of binder in concrete proposed by 
Professor V.I. Kalashnikov [6], specific consumption per unit bonding strength under compression. The obtained 
highly crush concrete figure for CAB is 5,2 kg/MPa and 7,9 kg/MPa respectively. The indicator for the cement-
concrete without ash was 5,5 kg/MPa. These results suggest the possibility of replacing a significant part of cement 
(50-60%) in such concrete without loss of strength properties. 
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